Abstract Remitting seronegative symmetrical synovitis with pitting edema syndrome has been reported to be associated with malignant tumors. However, few cases occurring with lung cancer have been reported. We here report a case of remitting seronegative symmetrical synovitis with pitting edema syndrome complicated with lung cancer. A 77-yearold man presented with poly arthritis (both shoulders, knees, and hands), swelling of the hands, and an elevated C-reactive protein level. As the patient's rheumatoid factor was negative, he was diagnosed with remitting seronegative symmetrical synovitis with pitting edema syndrome. At the same time, computed tomography revealed a nodule suspicious of lung carcinoma in the right lower lobe. Right lower lobe lobectomy was performed, and the nodule was diagnosed as adenocarcinoma. Pathologically, pleural invasion and visceral pleural dissemination were detected, and the tumor was diagnosed as a primary lung carcinoma, p-T2aN0M1a, stage IV. During the preoperative interval, the remitting seronegative symmetrical synovitis with pitting edema syndrome had been successfully treated with prednisolone 20 mg/day, which was later reduced to 6 mg/day. Eighteen months after surgery, the patient's carcinoembryonic antigen levels increased, and the same symptoms recurred, this time more severely. We performed cranial magnetic resonance imaging and whole body positron emission tomography, but we did not detect any cancer recurrence. To treat the recurred remitting seronegative symmetrical synovitis with pitting edema syndrome, the patient has required not only prednisolone, but also azathioprine; however, the symptoms have not been controlled effectively. In our case, matrix metalloproteinase-3 levels were elevated, as shown in the tumor cells by immunohistochemistry. If higher matrix metalloproteinase-3 levels cause the symptoms, in our case, then remitting seronegative symmetrical synovitis syndrome might be considered a paraneoplastic syndrome. However, we could not conclusively determine if the subsequent reduction in matrix metalloproteinase-3 levels was the result of the surgery or the prednisolone treatment. Furthermore, based on the patient's progress following surgery, it is still not clear if the remitting seronegative symmetrical synovitis with pitting edema syndrome complicated with primary lung cancer in this case may be a paraneoplastic syndrome.
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Introduction
Remitting seronegative symmetrical synovitis with pitting edema (RS3PE) syndrome has been reported to be associated with malignant tumors [1, 2] and has been thought to be associated with an aspect of paraneoplastic syndrome. Many malignancies have been reported, but there are few reported cases of RS3PE co-occurring with lung cancer. We describe here a case of RS3PE syndrome complicated with lung cancer and provide a review of similar cases reported in PubMed and the Japan Medical Abstract Society.
In 1985, McCarty first described a disease that he characterized as Remitting, Seronegative, Symmetrical and Synovitis with Pitting Edema [3] . Some diseases have features similar to those in RS3PE syndrome, such as polymyalgia rheumatica and rheumatoid-factor-negative rheumatoid arthritis and it is very difficult to distinguish them. In our case, although myeloperoxidase-anti-neutrophil cytoplasmic antibody (MPO-ANCA) results were positive, the patient had no symptoms suspicious of ANCA-associated vasculitis but had symptoms suited to McCarty's concept, so we diagnosed the patient with RS3PE syndrome.
We performed a search of Japanese and non-Japanese literature using the Japan Medical Abstracts Society and PubMed. We found 10 case reports of 11 patients diagnosed with RS3PE syndrome associated with lung cancer (Table 1 ). The mean age of the patients was 80.3 years, and there were 9 men and 1 woman; the sex of 1 patient was not specified. There was no characteristic histology among these cases, and most were at an advanced stage. In 9 cases, were reported to have undergone corticosteroid therapy, 3 cases did not improve and 2 cases relapsed. In 6 cases reported to have undergone therapy for the malignancy, 3 cases completely improved due to the therapy for the malignancy alone.
Case report
A 77-year-old man presented with poly arthritis in both shoulders, knees, and hands, swelling of the hands and legs, and elevated C-reactive protein (CRP) levels. As his rheumatoid factor was negative and matrix metalloproteinase-3 (MMP-3) was increased (720.1 ng/mL), he was diagnosed with RS3PE syndrome. Because RS3PE syndrome is often associated with malignancy, he underwent computed tomography, which revealed a nodule suspicious of lung carcinoma in the right lower lobe. Therefore, he visited our hospital and began corticosteroid therapy for RS3PE syndrome. The symptoms were successfully treated by prednisolone 20 mg/day, and the prednisolone was reduced to 6 mg/day. A transbronchial lung biopsy was performed, but the nodule was unable to be diagnosed, so we decided to perform a surgical biopsy.
When we first met the patient, his symptoms had completely improved. Laboratory tests revealed no significant elevation of inflammatory markers (white blood cell count, 6080/lL; CRP concentration, 0.34 mg/dL), but carcinoembryonic antigen (CEA) levels were elevated (14.0 ng/mL).Other markers associated with autoimmune disease were negative (rheumatoid factor and anti-cyclic citrullinated peptide were negative), except for MPO-ANCA (82.8 U/mL). Computed tomography revealed a 2.5 9 2.3 cm nodule in the right lower lobe without hilum and mediastinal lymphadenopathy (Fig. 1) . Positron emission tomography with 2-deoxy-2-{fluorine-18} fluoro-Dglucose integrated with computed tomography demonstrated a lesion with a standardized uptake value of 2.59 in the early phase and of 2.39 in the delayed phase at the right lower lobe and showed no metastasis (Fig. 2) . Initially, an intraoperative needle biopsy was performed, and a frozen section diagnosis revealed nodule adenocarcinoma. Thus, we continued the operation and performed a right lower lobectomy. Pathologically, pleural invasion and visceral pleural dissemination were detected, and the tumor was diagnosed as a primary lung carcinoma (acinar predominant adenocarcinoma) (Fig. 3) , p-T2aN0M1a, in stage IV. Additionally, an EML4-ALK gene fusion was detected by fluorescence in situ hybridization and immunohistochemistry.
One month after surgery, the patient experienced stiffness in his shoulders and loss of leg strength. Laboratory tests revealed an elevated white blood cell count (10050/ lL) and, CRP concentration (7.4 mg/dL). We thought the symptoms indicated a relapse of the RS3PE syndrome, and the patient required prednisolone 20 mg/day, so we could not administer adjuvant chemotherapy. Computed tomography did not indicate recurrence of the lung cancer. The white blood cell count and CRP concentration were normalized immediately, but the symptoms persisted. Therefore, we performed magnetic resonance imaging, and diagnosed the patient with cervical and lumbar spinal canal stenosis. After the diagnosis, the prednisolone dose was reduced to 10 mg/day for 1 year.
Eighteen months after the surgery, the patient's CEA levels and MMP-3 levels had increased again (7.0 and 753.6 ng/mL, respectively). At the same time, the shoulder stiffness and leg weakness became more severe. We performed cranial MRI and whole body PET immediately, but lung cancer recurrence was not detected. To treat the recurred RS3PE syndrome, the patient has required not only prednisolone but also azathioprine; however, the symptoms are poorly controlled. Fig. 1 Computed tomography of the chest demonstrates a 2.5 9 2.3 cm nodule in the right lower lobe
Discussion
It has been reported that the response of patients with RS3PE syndrome complicated with a malignancy to corticosteroid therapy is not sufficient, and symptoms in such cases have often been reported to improve in response to the therapy for the malignancy. Because of these features, many cases of RS3PE syndrome complicated with lung cancer may have features of paraneoplastic syndrome, as with other malignancies.
Interleukin-6 (IL-6), vascular endothelial growth factor (VEGF), and MMP-3 reportedly play important roles in the pathogenesis of RS3PE syndrome [12] . Additionally, RS3PE with malignancy has been described to have higher IL-6, VEGF, and MMP-3 levels than has RS3PE without malignancy [9, 10, 13] . On the other hand, lung cancer patients also show elevated IL-6, VEGF, and MMP-3 levels [9, 14, 15] . Thus, lung cancer patients with elevated cytokines levels may show the symptoms of RS3PE. Based on this, most cases of RS3PE syndrome complicated with lung cancer may present with paraneoplastic syndromes of the lung cancer.
In our case, the MMP-3 level was elevated, but IL-6 and VEGF were not measured. We performed immunostaining and identified only MMP-3 in the cytoplasm of the cancer cells. VEGF was slightly stained, and IL-6 was not identified (Fig. 4) . After surgery, the patient's MMP-3 level decreased immediately (287.3 ng/mL). Currently, 18 months after treatment, the patient has experienced a relapse of the RS3PE syndrome. An elevated CEA level is the only indication that the cancer may have recurred; if this elevated CEA level represents a recurrence of the cancer, the elevated MMP-3 level and the worsening symptoms may be due to an increased number of cancer cells.
Cytokines that are elevated in lung cancer patients may cause RS3PE syndrome. If cytokine levels are elevated, physicians should determine whether the elevation was due to the cancer cells, and, as in our case, cases of RS3PE syndrome complicated with lung cancer in which the cytokines were determined to be produced by the cancer cells may be cases indicative of a paraneoplastic syndrome of the lung cancer. However, it was not possible to obtain any data on the patient's MMP-3 levels prior to the surgery, so it is unclear whether the reduction in MMP-3 levels was brought about by the prednisolone treatment or the surgery. Furthermore, based on the patient's progress after the surgery, it is still 
